To determine the association between serum 25(OH)D and dry eye syndrome (DES) incidence. This study was also designed to determine whether serum 25(OH)D levels were associated with ocular parameter of DES patients.
Background
Ocular surface is protected by tears, and tear abnormalities or ocular surface disorders could result in dry eye syndrome (DES) [1] . DES is a common and complex condition with reduced ocular comfort and impaired visual performance. Nowadays, DES is regarded as one of the most common ocular disorders throughout the world [2, 3] . The treatment of DES is based on local application of eye drops, including artificial tears and anti-inflammatory agents [4] . Although most DES patients treated with eye drops will feel more comfortable, it is hard to cure DES. In addition, for some individuals, there are no satisfactory therapeutics that can provide relief from DES ocular discomfort symptoms. Thus, better understandings of the risk factors and pathogenesis of DES would help in primary prevention of DES and effective therapy development. The generally recognized risk factors for DES included elder age, reproductive factors, tobacco smoking, contact lenses use, ocular surgery, systemic diseases, and dry environment contact [5, 6] . Better understandings of risk factors and related lifestyle changes of DES patients can be helpful in the DES related discomforts management [7] .
Vitamin D is a fat soluble vitamin that is involved in a number of physiological and pathological processes [8, 9] . Vitamin D formulations have been widely used in different diseases and have been reported to be effective in the treatment or prevention of osteoporosis, cancers, and cardiovascular disorders [10] [11] [12] . In advanced in-vivo and in-vitro studies, vitamin D has been reported to enhance immunity, relieve inflammatory reaction and regulate cell cycles [13] [14] [15] . The application of vitamin D in treatment of ocular surface disorders has been reported. In a previous study, it was suggested that there is a possible role for vitamin D in modulating corneal wound healing, thus have important implications for therapeutic use of vitamin D at the ocular surface [16] . In another study based on mouse, rabbit, and human samples, it was determined that 25-hydroxyvitamin D[(3)(25(OH)D(3)] and/or its active metabolite, 1a,25-dihydroxyvitamin D[(3)(1,25(OH)(2)D(3)] can enhance corneal epithelial barrier function [17] .
Several epidemiological studies were conducted to evaluate the association between vitamin D or vitamin D deficiency and incidence rate of DES [18] [19] [20] [21] , however, no conclusions were reached. A cross-sectional study that included 17,542 adults from Korea found that lower serum 25(OH)D levels were associated with incidence rates of DES. However, in another crosssectional study containing male patients, it was reported that vitamin D levels were not significantly associated with the presence or severity of DES [18] . The purpose of our case-control study was to determine the effect of serum 25(OH)D on DES incidence. The study was also designed to determine whether serum 25(OH)D levels were associated with ocular parameters of DES patients.
Material and Methods
Ethical approval of this current study was obtained from the Human Research Ethics Committee of Changshu No 2 People's Hospital.
Patients
In this study, a case-control study design was used. A total of 70 DES patients and 70 matched controls were included in this study. All the DES patients were diagnosed from May 2015 to January 2016 at the out-patient clinic of the Department of Ophthalmology, Changshu No 2 People's Hospital, Changshu, People's Republic of China. The control group was patients without DES in the same time period. The inclusion criteria were: (1) matched to the diagnosis criteria of DES, (2) aged over 18 years, and (3) signed the informed consents before inclusion in the study. The exclusion criteria contained: (1) unable to co-operate in the study handling, (2) Sjogren syndrome, rheumatoid arthritis, lupus erythematosus, or any other immune diseases; (3) mental disorder or serious systemic disease, such cancer, hematological system disease, or hyperthyroidism; (4) pregnancy or breast-feeding in women; (5) participation in other ophthalmic clinical trials; (6) other ocular disease, such as ocular surgery history within the recent six months, use of any ophthalmic eye drops or contact lenses within recent one month, eyelid or eyelash abnormalities, nasolacrimal apparatus abnormalities glaucoma, uveitis, retinal hemorrhage, or optic neuritis.
DES diagnosis
Patients with DES were diagnosed using experts' consensus about clinical diagnosis and treatment of dry eye (2013). The diagnostic criteria includes: (1) subjective symptoms of dryness, foreign body sensation, burning sensation, fatigue, discomfort, visual acuity fluctuation, and tear film breakup time (TBUT) test £5 seconds or Schirmer I test (without surface anesthesia) £5 mm/5 minutes; (2) the subjective symptoms of ocular discomfort and TBUT test 5-10 seconds or Schirmer I test (without surface anesthesia) £5-10 mm/5 minutes combined with corneal fluorescein staining positive.
Clinical data collection
Clinical data, including body mass index (BMI, kg/m 2 ), smoking history, diabetes status, and blood pressure were obtained through questioning of the participants or reviewing their medical records. The ocular surface disease index (OSDI) quantitation was conducted by trained investigators. The OSDI scale questionnaire included 12 questions, containing three aspects of eye symptoms, visual function, and environmental stimulation. Detailed information was collected from each participant 2212 regarding ocular dryness, foreign body, visual fatigue, and other subjective discomfort symptoms. The response grades were divided into no symptoms (0 point), occasional presence (0.5 points), intermittent (1 point), and persistent discomfort (2 point). Detailed explanations of each point was used to reach a relative accurate conclusion. The DES-related examinations were evaluated after a full ophthalmologic examination was performed. All the ocular surface examinations were performed by one study investigator (MYF). The examinations were conducted in the following order: TBUT, keratoepitheliopathy examination, and Schirmer I test. All the clinical data was collected and recorded in electronic tables.
Vitamin D detection
The longer half-life of 25(OH)D, allows it to remains stable in serum and as such it can be used to reflect the level of vitamin D. In this study, 25(OH)D was chosen as a main study parameter. Peripheral blood samples from each participant were collected and serum samples were frozen at -70°C until 25(OH)D detection was conducted. Serum 25(OH)D levels were measured by a reverse phase liquid chromatography method (Agilent Technologies, CA, USA). The accuracy quality control of low, medium, and high quality was to be 85~115% with the accuracy value within 15%.
Statistical analysis
The statistical analysis was performed using Package for SPSS version 17.0 software (SPSS Inc., Chicago, IL, USA). The data of each index is shown as the mean ± standard deviation (SD). Comparison of discontinuous variable parameters was done using the chi-square test or Fisher's exact test. The differences in the continuous variables were detected using non-paired t-test. Pearson correlation analysis was used in the detection of the associations between different continuous variables. A value of p<0.05 was considered to be statistically significant.
Results

Clinical characteristics
Basic clinical characteristics of patients with DES and healthy controls are presented in Table 1 . In this study, 70 DES cases (43 males and 27 females) and 70 matched controls (36 males and 34 females) were included. The mean BMI in the DES group and the control group was 23.2±4.4 kg/m 2 and 23.6±5.1 kg/m 2 , respectively. There were no differences in smoking status, diabetes prevalence, and blood pressure between the DES group and the control group. When the Schirmer I test was considered, the DES group (9.4±3.9 mm/5 minutes) demonstrated a significantly lower value compared with the control group (13.9±5.3 mm/5 minutes, p<0.001). In addition, a significantly reduced TBUT was detected in the DES cases (DES group, 6.1±2.4 second; control group, 13.4±3.8 seconds, p<0.001). Compared with the control group, the mean OSDI value was significantly higher in the DES group (p<0.001).
25(OH)D levels in patients with DES
The serum 25(OH)D levels in patients with DES and the control patients are shown in Figure 1 .
Discussion
In this study, it was shown that 25(OH)D levels were lower in patients with DES than in healthy controls. When the 25(OH)D levels was stratified, vitamin D deficiency was more common in the DES cases. In further analysis, it was found that there were statistical significant associations between serum 25(OH) D levels and the Schimer test, TBUT value and OSDI scale.
DES is a multifactorial disorder and various risk factors were associated with the incidence of DES. Nowadays, there is more interest in the association between vitamin D and DES cases. The major conclusions of this case-control study were consistent with previous cross-sectional study conclusions, in that low serum 25(OH)D levels were associated with DES [20] . In previous cross-sectional data analysis, it was found that low serum 25(OH)D levels were associated with DES in Korean adults. These results provide clues that vitamin D supplementation might be used in DES treatment. In another case-control study with 34 patients with serum vitamin D deficiency and 21 control patients with normal vitamin D levels, it was found that vitamin D deficiency decreases the TBUT and Schirmer test values [21] . In our study, significant lower vitamin D level was detected in DES patients and it was found that significant associations were detected in both male and female groups. In addition, the advanced correlation analysis results showed more interesting and meaningful association between serum 25(OH) D and severity and ocular discomfort in DES cases. Rather than considering vitamin D deficiency as a risk factor for DES as in a previous study, more attention was focused on the association between vitamin D and ocular physical examination and indisposed symptoms in this current study. Positive correlation between serum vitamin D level and DES severity suggests there is the potential for application of vitamin D for treatment or prevention of DES. Ass shown in the first study on the effect of vitamin D on the DES in Chinese population, this study provides additional knowledge on the effect of vitamin D on the DES development. However, even though the association of vitamin D and DES was detected in different studies, the study of the detailed mechanism was lacking. There were several possible explains for the effect of vitamin D on the DES development.
It has been recognized that systemic autoimmune diseases or immune abnormalities could result in the increased risk of DES [22] . Considering the remarkable effect of vitamin D on the immune system, it could be conjectured that the immunoregulatory effect of vitamin D might influence the development of DES. For instance, in a case-control study with 107 Sjogren syndrome (SS) patients and 74 healthy controls, plasma vitamin D levels in SS patient group were significantly lower than in the control group [23] . As dry eye was one of the most frequent symptoms of SS, and vitamin D deficiency was frequent found in patients with SS, vitamin D might be 
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associated with the SS-related DES incidence. Besides, there were several previous studies that reported on the associations between DES and systemic autoimmune disorders, including rheumatism and lupus erythematosus. Abnormal autoimmune status might result in a higher incidence of DES and the protective immunomodulatory effect of vitamin D in the regulation of immune cells might help in the prevention of DES incidence.
There was a previous study that reported that vitamin D deficiency decreased the TBUT and Schirmer test values and may be associated with dry-eye symptoms in non-Sjogren syndrome [21] , thus suggesting a potential mechanism beyond the autoimmune effect of vitamin D may exist. Chronic inflammation induced by autoimmune disorders or environmental stimulating factors in ocular surface cells has been considered to be involved in DES. Vitamin D has demonstrated anti-inflammatory effects in different pathological processes [24] . For instance, vitamin D could decrease the inflammatory response of cancer and inhibited the proliferation of cancer cells in-vitro [25] . Considering that inflammation was one of the key pathogenesis and phenotype of DES, higher level vitamin D would decreased the inflammatory response in the ocular surface and then improve the severity of DES.
The production of vitamin D in the metabolic system is from two main sources. In general, vitamin D is mainly produced by cutaneous synthesis upon skin exposure to ultraviolet light and partial vitamin D is gained from food sources. In a case-control study of 64 DES cases and 51 controls, the single nucleotide polymorphisms (SNPs) in the VDR genes also varied between DES cases and controls [26] . Thus, the influence of SNPs in the vitamin D related gene might explain the association between serum vitamin D and DES incidence.
A major strength of our study was that the method used to assess serum vitamin D levels was sensitive and therefore might produce more robust conclusions. However, several limitations in this study should be reported. First, the sample size of this study was relatively small and it has been demonstrated that larger sample sizes are requirements for advanced study analysis. Considering that this was a hospital-based study, it was hard to include a large sample size in the participant selection process. Additionally, population-based studies are required for the detection of the association between vitamin D and DES status. Second, even though 5(OH)D is the most commonly used index for vitamin D detection, there are other indices reflecting the intracellular effect of vitamin D that were not reported in this study. The association of these related indices might provide additional knowledge to aid in our understanding of the mechanism of vitamin D on DES. Future prospective studies were needed to assess other serum markers of vitamin D in addition to 25(OH)D in the DES cases. In advanced studies, the effect of dietary vitamin D intake, vitamin D supplementation, and ultraviolet radiation exposure on the development of DES should be examined. A third limitation of our study was that that using a case-control study design, selection bias could influence the conclusions.
Conclusions
A significant association between serum 25(OH)D level and DES incidence was detected in this study. In addition, serum 25(OH)D was associated with the DES parameters and ocular discomfort status. It could be conjectured that vitamin D might be a potentially favorable adjunctive option for patients with DES. Considering the relatively small sample size of this study, larger studies with longer follow-up duration are needed.
